surface area that determines the environment at which the body works most efficiently, and expressed as energy per unit surface area the mouse has the edge over the elephant. These are mysterious matters of considerable importance to those who produce meat for human consumption. They are of relevance to paediatricians in that newborn infants emerge from one set of circumstances into very different ones, and have to reach a different balance to that of the parents who look after them. If we are to help them when they are sick we have to know of these adjustments, and that was what I proposed to speak of when I chose my title for the Still lecture, 'The fire of life'. But I changed my mind and instead spoke about fever, for it has again become of interest. In this context the 'fire of life' is not the metabolic cost of living but the fever that may cleanse or damage the body. It still allowed me to do what I wish, which is to illustrate an aspect of developmental biology relevant to a current clinical problem.
Is a fever therapeutic or harmful?
This is an old question. The arguments in support are at three levels. Firstly, the high principle; surely such a powerful and consistent reaction, which is seen in poikilothermic as well as homoeothermic animals, must have some survival value or it would not have persisted. Secondly, animal investigations; for example the studies of Kruger and colleagues on the reptile Dipsosaurus dorsalis who found that when bacteria were injected the survival was much greater in those which were allowed to select a warmer environment.2 Thirdly, clinical observations; Rufus of Ephesus (2nd century) observed '... if there were a physician skilled enough to produce a fever, it would be useless to seek any other remedy against disease'; Sydenham (17th century) wrote that 'Fever is a mighty engine which Nature brings into the world to the conquest of her enemies'; Du Bois in his book on fever ended, 'Finally one is faced with the question as to whether or not fever in disease is beneficial. The literature on this subject is extensive and inconclusive' and concluded that 'fever therapy has proved relatively safe and beneficial in many diseases' but that was before the time of antibiotics and steroids. action on the liver results in the production of the acute phase proteins, the suppression of albumin production, and the inhibition of lipoprotein lipase activity and thus fat utilisation. It enhances the local inflammatory response, and encourages the healing processes by increasing capillary leak, releasing vasodilators, while inducing endothelial cell proliferation and initiating clot formation. But its major effect is perhaps on the haematopoietic and lymphoid cells. It stimulates new cell formation and acts on T cells and provokes the release of interleukin 2, a lymphokine, which activates T and B cell formation. All in all it is a very busy protein.
The weight of its various effects in any one situation may well vary, however taken at its simplest it would seem that the pyrogen effect is linked to all these other activities and a fever properly recorded must be a measure of some of them. The endogenous pyrogen of the older literature is thought to be interleukin lb.
The production of a fever Three steps are involved in the development of a fever; first, the invading organism reacts with the phagocytosing monocyte, which in turn releases endogenous pyrogen; second, the endogenous It is reasonable to ask that if newborn rabbits are stimulated by pyrogen what behavioural response might they make? It is interesting that the young move themselves around within a litter so as to maintain body temperatures, presumably the febrile one might act to stay in the midst of the group longer.
The rabbits injecteu with endotoxin chose an environment that gave them a higher deep body temperature than that achieved by the rabbits kept within their original thermoneutral range. The reasons became clear after more detailed study of the automatic or physiological thermoregulatory response.
Automatic or physiological thermoregulatory response to pyrogen
The physiological thermoregulatory adjustments to different environmental temperatures are shown in the format used by Mount (fig 4) . 14 The values are for a term infant, nursed naked, and assumes that the responses, sweating, vasomotor and postural changes, and thermogenesis'proceed in sequence and do not overlap, and that the deep body temperature is held at 370 (which in the event it does not), and that the infants physical characteristics relevant to heat exchanges stay constant.
It is generally suggested that pyrogen resets the thermoregulatory set point upwards. Thus it might be anticipated that if the individual is exposed to pyrogen, but is held in the same environment, then thermogenesis would increase and that increase would be formed of two components (fig 5) . The first would be thermoregulatory thermogenesis and the second an increase in the minimal rate due to the so called Q,0 effect. The van't Hoff/Arrhenius relationship states that the rate of a chemical reaction is proportional to the temperature, biochemical reactions have a Q1( between 2 and 3, thus for every degree rise the metabolic rate might be expected to increase 10%. Studies on man and adult animals have shown a rise in metabolic rate with a fever. It is not always clear whether thermoregulatory thermogenesis has been excluded and it appears to be a very variable phenomenon. Thus while the metobolic rate of poikilothermic animals may increase with surrounding and body temperatures the evidence that homoeothermic mammals 'obey' the Q1(1 effect remains uncertain.
Making the necessary investigations to establish whether the situation illustrated in fig 5 is I group.bmj.com on June 21, 2017 -Published by http://adc.bmj.com/ Downloaded from ambient temperature. The reason for this is not clear, but its effect is to allow some thermal control over a wider range of thermal conditions. After administration of endotoxin the gradient in the fall of rectal temperature was greater. The effect of this was that at thermoneutral temperatures the endotoxin resulted in much higher colonic temperatures but the difference with those not given endotoxin decreased as the ambient temperature fell so that endotoxin made no difference to body temperatures at ambient temperatures at the lower end of the range of thermal control.
Thirdly, the change in gradient indicates that the pyrogen acts to influence the gain rather than shift the set point. Two models have been proposed for the central control of temperature and to explain the effects of pyrogen.16 The first assumes a central mechanism that has some inherent prescibed set temperature that the system defends. The second proposes that pyrogens act by influencing the responsiveness to feed back information and thus affect the body temperatures. If pyrogen acted to change the set point it would produce the theoretical response illustrated in fig 5, if it altered the gain it would in effect produce the response seen in 3 to 5 day old rabbits illustrated in fig 6 . Thus if the fever has any benficial effect then it will be most effective in a warm environment when it will make least demand in the new thermoneutral environment.
The practical implication of this is that if the aim of management is to remove the burden of the metabolic response to fever then the appropriate step would be to keep the infant warm. A problem arises with a fluctuating temperature.
Development of thermoregulatory control
The development of fever depends on thermoregulatory control and effective thermoregulatory mechanisms either behavioural or thermoregulatory thermogenesis. In some mammals they are present on the day of birth. But this is not so in all mammals. For example, the hamster on the day of birth is poikilothermic in that it is unable to show any response to changes in environmental temperature and has no control over its own body temperature.
The mother controls the temperature of her young by the time she spends in the nest: she is the source of heat as well as insulation. By eight days the young hamster shows thermotaxis, that is it moves to a warm temperature but not in a controlled way, by 12 days it shows effective behavioural thermoregulation, and by 16 days it has developed effective automatic thermoregulatory mechanisms. The 
Conclusions
In answer to the clinical questions poised it would seem that measuring an infant's body temperatures and interpreting them in the light of the environmental conditions may be even more instructive than we thought, we need to discover to what extent it reflects the other activities of interleukin.
In the newborn we might be able to do much more to meet the sick infant's needs by adjusting some of our responses. For example, it would be interesting to know if immature infants with an infection have relatively high metabolic rates and would benefit by being nursed in a warmer environment, and we need to explore the quality of the other aspects of the bodies response to interleukin.
As for hyperthermia in older infants, there may be a time when the thermoregulatory system undergoes critical stages in development and the generation of interleukin may also be a variable and measurable response which might be inducible and possibly open to beneficial influence. Infants are particularly vulnerable to overheating if they experience fluctuating exposure to pyrogens while being nursed in the same thermal conditions.
There can be no doubt that cool washes if they lower the body temperatures will in so doing increase the metabolic rate. Thus if a fever is hazardous and needs to be corrected cool washes, while of value in an emergency, are a poor alternative to an antipyretic.
What Du Bois said forty years ago is still true, 'There is still much to be learned about fever'.3
